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METHOD FOR FORMING ELECTRICALLY CONDUCTIVE 
BUMPS AND DEVICES FORMED 

Field of the Invention 

The present invention generally relates to a method for 
forming electrically conductive bumps and devices formed and more 
particularly, relates to a single-stencil and single-mask process 
for forming electrically conductive, compliant bumps on a wafer and 
devices formed by the method. 

Background of the Invention 

In the fabrication of modern semiconductor devices, the 
ever increasing device density and decreasing device dimensions 
demand more stringent requirements in the packaging or 
interconnecting techniques in such high density devices. 
Conventionally, a flip-chip attachment method has been used in 
packaging of semiconductor chips. In the flip-chip attachment 
method, instead of attaching a semiconductor die to a lead frame in 
a package, an array of solder bumps is formed on the surface of the 
die. The formation of the solder bumps may be carried out in an 
evaporation method by using a composite material of tin and lead 
through a mask for producing a desired pattern of solder bumps. 
The technique of electrodeposition has been more recently developed 
to produce solder bumps in flip-chip packaging process. 
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Other techniques that are capable of solder-bumping a 
variety of substrates to form solder balls have also been proposed. 
The techniques generally work well in bumping semiconductor 
substrates that contain solder structures over a minimal size. For 
instance, one of such widely used techniques is a solder paste 
screening method which has been used to cover the entire area of an 
eight inch wafer. However, with recent trend in the 

miniaturization of device dimensions and the necessary reduction in 
bump-to-bump spacing (or pitch) , the use of the solder paste 
screening technique has become more difficult. 

Other techniques for forming solder bumps such as the 
controlled collapse chip connection (C4) technique and the thin 
film electrodeposition technique have also been used in recent 
years in the semiconductor fabrication industry. The C4 technique 
is generally limited by the resolution achievable by a molybdenum 
mask which is necessary for the process. Fine-pitched solder bumps 
are therefore difficult to be fabricated by the C4 technique. 
Similarly, the thin film electrodeposition technique which also 
requires a ball limiting metallurgy layer to be deposited and 
defined by an etching process which has the same limitations as the 
C4 technique. 
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In recent years, chip scale packages (CSP) have been 
developed as a new low cost packaging technique for high volume 
production of IC chips. One of such chip scale packaging 
techniques has been developed by the Tessera Company for making a 
so-called micro-BGA package. The micro-BGA package can be utilized 
in an environment where several of the packages are arranged in 
close proximity on a circuit board or a substrate much like the 
arrangement of individual tiles. Major benefits achieved by a 
micro-BGA package are the combined advantages of a flip chip 
assembly and a surface mount package. The chip scale packages can 
be formed in a physical size comparable to that of an IC chip even 
though, unlike a conventional IC chip such as a flip chip, the chip 
scale package does not require a special bonding process for 
forming solder balls. Furthermore, a chip scale package may 
provide larger number of input/output terminals than that possible 
from a conventional quad flat package, even though a typical quad 
flat package is better protected mechanically from the environment. 

A unique feature of the chip scale package is the use of 
an interposer layer that is formed of a flexible, compliant 
material. The interposer layer provides the capability of 
absorbing mechanical stresses during the package forming steps and 
furthermore, allows thermal expansion mismatch between the die and 
the substrate. The interposer layer, therefore, acts both as a 
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stress buffer and as a thermal expansion buffer. Another unique 
feature of the chip scale package, i.e. such as a micro-BGA 
package, is its ability to be assembled to a circuit board by using 
conventional surface mount technology (SMT) processes. 

5 In a typical micro-BGA package, a flexible interposer 

layer (which may contain circuit) is used to interconnect bond pads 
on an IC chip to an array of solder bump connections located on a 
flexible circuit. The flexible circuit, normally of a thickness of 
approximately 25 ym, is formed of a polymeric material such as 
1 €k| polyimide which is laminated to a silicon elastomer layer of 
yn approximately 150 pm thick. The silicon elastomeric layer provides 
ifi flexibility and compliance in all three directions for relief of 
ri stresses and thermal expansion mismatches. To further reduce the 
S fabrication cost of IC devices, it is desirable that if a whole 
l£J wafer can be passivated to seal the IC dies on the wafer, and then 
^ be severed into individual IC dies from the wafer such that not 
only the benefits of a chip scale package can be realized, the 
packaging cost for the IC dies may further be reduced. 
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To achieve the same stress-buffing effect of the 
interposer layer used in the micro-BGA packages, others have 
developed similar stress-buffing layers as part of a bump structure 
in so-called compliant bumps. For instance, in U.S. Patents 
5 5,707,902 and 5,393,697, assigned to the common assignee of the 
present invention and are incorporated herein by reference, methods 
have been disclosed for fabricating a composite bump structure that 
includes a polymeric body of relatively low Young's modulus 
(compared to metals) covered by a conductive metal coating at the 
ISO input/output pads of an IC (integrated circuit) element or 
y substrate. The composite bump is formed by processing steps of 
jfj material deposition, photolithography and dry or wet etching 
m techniques. The composite bump can be formed directly on the 
H input/output pad or on a base metal pad which is formed to cover 
lj£ the input/output pad for improved flexibility in locating the 
™ composite bump. 

A conventional method for forming the composite bump is 
shown in Figs. 1A-1F. In the method, a semiconductor wafer 10 is 
first provided. On an active surface 12 of the semiconductor 
20 substrate 10, is then formed a plurality of conductive elements 14 
which may be input/output pads for the IC circuits formed on the 
semiconductor substrate 10. The plurality of conductive elements 
14 is insulated by a passivation layer 16 formed of an insulating 
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material- The passivation layer 16 is first blanket deposited on 
the active surface 12 of the semiconductor substrate 10, and then 
formed photolithographically to expose the plurality of conductive 
elements 14, as shown in Fig. 1A. 

5 In the next step of the process, as shown in Fig. IB, a 

first electrically conductive material 18, such as a conductive 
metal, is blanket deposited on top of the semiconductor substrate 
10 overlying the passivation layer 16 and the multiplicity of 

*-Q conductive elements 14. A suitable metallic material for layer 18 
lfij may be aluminum or nickel for providing electrical communication 

(n with the plurality of conductive elements 14. An insulating 

m material layer 20, possibly of a polymeric-based material, is then 
coated on the semiconductor substrate 10 encapsulating the first 

:i( metal layer 18. The insulating material layer 20 can be 
15!" advantageously applied onto the semiconductor substrate 10 by a 

^ method such as spin coating. When a solvent-containing polymeric 
material is used for layer 20, a curing cycle is necessary after 
the coating process to drive off the residual solvent in the 
polymeric paste material. It is further preferred that the 
20 polymeric material used in layer 20 to be desirably a 
photosensitive material such that it may be imaged and developed, 
thus negating the further need for a photoresist layer to be coated 
on top of the polymeric material layer. 



6 



64,600-065 
890075 



After a photolithographic process is conducted on the 
polymeric material layer 20, the layer is dry or wet etched forming 
a plurality of electrically insulating bumps 22 on top of the first 
metal layer 18. It should be noted that during the 

photolithographic process, one of such electrically insulating bump 
22 is formed on each of the corresponding one of the plurality of 
conductive elements 14. The etching process only defines the 
electrically insulating bumps 22 without removing the first metal 
layer 18. This is shown in Fig. ID. 

After the electrically insulating bumps 22 are cured at 
a desirable annealing temperature, as shown in Fig. IE, a second 
electrically conductive layer, i.e. a second metal layer 24, is 
sputter deposited on top of the semiconductor substrate 10 
overlying the electrically insulating bumps 22 and the first metal 
layer 18. The second metal layer 24, can be suitably sputtered of 
aluminum or nickel, or of any other high electrical conductivity 
metal to establish electrical communication with the first metal 
layer 18 and the plurality of conductive elements 14. 

In the final step of the process, as shown in Fig. IF, a 
second photolithographic process is conducted to define the 
electrically conductive pads 26 formed of the first metal layer 18 
and the second metal layer 24. The electrically conductive metal 
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pads 26 are defined such that each polymeric bump 22 with its 
second metal layer 24 on top only communicates electrically with 
one conductive element 14. It should be noted that the 
electrically conductive pads 26 are formed by the first metal layer 
5 18 and by the second metal layer 24 stacked together except the 
portion that is directly over the conductive element 14 being 
cushioned by the polymeric bump 22. A desirable stress-buffing 
effect is therefore achieved by the polymeric bumps 22 while 
providing electrical communication with each of the conductive 
l@y elements 14 through the electrically conductive pads 26 that 
Ld encapsulates the polymeric bumps 22. 

* 

Si The process described above for preparing electrically 

j«i conductive bumps based on polymeric bumps coated with a metallic 
;2! coating provides the desirable stress-buffing properties. However, 
132 the process requires at least two separate steps of 
D photolithography, each including the steps of imaging, developing 
and etching, is therefore process intensive and labor intensive. 
Furthermore, the coating process, i.e. the spin coating process, 
used for applying the polymeric material layer for forming the 
20 bumps wastes a large quantity of the polymeric material applied. 

Since the polymeric material utilized are normally of a low 
dielectric constant type, and thus of relatively high cost, such as 
polyimide, the total cost of the fabrication process for the 
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composite bumps is further increased. While higher density bumps 
can be formed by the conventional method, i.e. at a minimum pitch 
of about 10 fjm, the advantage is comprised by the higher material 
costs, and the two photolithographic processes required. 

5 It is therefore an object of the present invention to 

provide a method for forming electrically conductive bumps on a 
semiconductor substrate that does not have the drawbacks or 
shortcomings of the conventional method. 

bj It is another object of the present invention to provide 

101 a method for forming electrically conductive bumps on a 

01 semiconductor substrate that can be carried out with only one 

H photolithographic process. 

^ It is a further object of the present invention to 

u provide a method for forming electrically conductive bumps on a 

15 semiconductor substrate that are stress-buffered. 

It is another further object of the present invention to 
provide a method for forming electrically conductive bumps on a 
semiconductor substrate wherein the bumps are formed of an 
electrically insulating material covered by a conductive coating. 
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It is still another object of the present invention to 
provide a method for forming electrically conductive bumps on a 
semiconductor substrate by first stencil printing bumps of an 
electrically insulating material and then coating the bumps with a 
sputtered metal layer. 

It is yet another object of the present invention to 
provide a method for forming electrically conductive bumps on a 
semiconductor substrate by first stencil printing a plurality of 
bumps of a solvent-containing polymeric paste and then sputter 
depositing a metal layer on top of the bumps. 

It is still another further object of the present 
invention to provide a semiconductor wafer that has a plurality of 
electrically conductive bumps formed on an active surface that 
includes a plurality of electrically conductive pads each formed on 
a corresponding one of a plurality of polymeric based bumps. 

Summary of the Invention 

In accordance with the present invention, a method for 
forming electrically conductive bumps on a semiconductor substrate 
and devices formed by the method are disclosed. 
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In a preferred embodiment, a method for forming 
electrically conductive bumps on a wafer can be carried out by the 
operating steps of first providing a wafer that has an active 
surface, a plurality of conductive elements formed on the active 
surface, and a passivation layer insulating the plurality of 
conductive elements from each other; sputter depositing a first 
metal layer on top of the plurality of conductive elements and the 
passivation layer; printing a plurality of bumps of an insulating 
material each on top of one of the plurality of conductive 
elements; heat treating the plurality of bumps at a temperature of 
at least 100°C; sputter depositing a second metal layer on top of 
the plurality of bumps and the first metal layer; and patterning 
and removing the first and the second metal layer in areas in- 
between the plurality of bumps. 

The method for forming electrically conductive bumps on 
a wafer may further include the step of forming the plurality of 
conductive elements spaced-apart by at least 100 /um, or the step of 
forming the plurality of conductive elements in aluminum or copper. 
The method may further include the step of forming the passivation 
layer in an insulating material, or the step of sputter depositing 
the first metal layer in Al, Ni, Ti, W, Cu, Cr and alloys thereof, 
or the step of sputter depositing the first metal layer to a 
thickness not higher than 50 ^m. The method may further include 
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the step of printing the plurality of bumps by a stencil printing 
technique, printing the plurality of bumps in a polymeric material, 
or in a polyimide . The method may further include the step of 
printing the plurality of bumps to a width between about 50 jum and 
about 100 ftm, or to a thickness of at least 20 /urn. The method may 
further include the step of printing the plurality of bumps in a 
polymeric-based paste, or in a solvent-containing polymeric paste. 
The method may further include the step of depositing the second 
metal layer in Al, Ni, Ti, W, Pt, Pd, Cu, Cr, Ag, Au, In, Sn, Pb or 
alloys thereof, or the step of patterning the first and the second 
metal layer by a photolithographic method, or the step of removing 
the first and the second metal layer by a wet etching technique. 

The present invention is further directed to a 
semiconductor wafer that has a plurality of electrically conductive 
bumps formed on an active surface which includes a semiconductor 
wafer that has an active surface on top; a plurality of conductive 
elements formed on the active surface spaced-apart by at least 50 
jum; a passivation layer insulating the plurality of conductive 
elements from each other; a plurality of a first electrically 
conductive pad each on one of the plurality of conductive elements; 
a plurality of electrically insulative bump each on one of the 
plurality of a first electrically conductive pad; and a plurality 
of a second electrically conductive pad each on top of one of the 
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plurality of electrically insulative bump in electrical 
communication with a corresponding one of the plurality of a first 
electrically conductive pad and one of the plurality of conductive 
elements . 

5 In the semiconductive wafer that has a plurality of 

electrically conductive bumps formed on an active surface, the 
plurality of a first electrically conductive pad and the plurality 
of a second electrically conductive pad are formed of the same or 
■;0 different electrically conductive metal, or formed of Al, Ni, Ti, 
l&J W, Pt, Pd, Cu, Cr, Ag, Au, In, Sn, Pb or alloys thereof. The 
U! plurality of electrically insulative bump is formed of a polymeric 
01 material, or of polyimide. The plurality of electrically 
O insulative bump may further be formed of a solvent-containing 
H polymeric paste to a width between about 50 /jm and about 100 /um, 
15^ and to a thickness of at least 20 /um. 

Brief Description of the Drawings 

These objects, features and advantages of the present 
invention will become apparent from a close examination of the 
following specification and the appended drawings in which: 
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Figure 1A is an enlarged, cross-sectional view of a 
conventional semiconductor substrate that has a plurality of 
conductive elements and a passivation layer built on top. 

Figure IB is an enlarged, cross-sectional view of the 
semiconductor substrate of Fig. 1A with a first metal layer 
deposited on top. 

Figure 1C is an enlarged, cross-sectional view of the 
semiconductor substrate of Fig. IB with an insulating material 
layer spin-coated on top. 

Figure ID is an enlarged, cross-sectional view of the 
semiconductor substrate of Fig. 1C with the insulating material 
layer formed into bumps by a photolithographic method. 

Figure IE is an enlarged, cross-sectional view of the 
semiconductor substrate of Fig. ID with a second metal layer 
deposited on top. 

Figure IF is an enlarged, cross-sectional view of the 
semiconductor substrate of Fig. IE with the first and the second 
metal layer photolithographically formed for providing electrical 
contact to each conductive element. 
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Figure 2A is an enlarged, cross-sectional view of the 
present invention semiconductor substrate that has a plurality of 
conductive elements and a passivation layer formed on top. 

Figure 2B is an enlarged, cross-sectional view of the 
5 semiconductor substrate of Fig. 2A with a first metal layer 
deposited on top of the plurality of conductive elements and the 
passivation layer . 

?0 Figure 2C is an enlarged, cross-sectional view 

uj present invention semiconductor substrate of Fig. 2B 
10h plurality of electrically insulating bumps stencil-printed 

]«i Figure 2D is an enlarged, cross-sectional view of the 

;S semiconductor substrate of Fig. 2C with a second metal layer 
..J sputter deposited on top. 

Figure 2E is an enlarged, cross-sectional view of the 
15 present invention semiconductor substrate of Fig. 2D with the first 
and the second metal layer photolithographically formed into 
individual electrically conductive pads. 



of the 
with a 
on top. 
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Detailed Description of the Preferred Embodiment 

The present invention discloses a method for forming 
electrically conductive bumps on a semiconductor substrate, such as 
a semiconductor wafer and devices formed by such method. 

In the method, a semiconductor wafer that has an active 
surface, a plurality of conductive elements such as input/output 
pads formed on the active surface, and a passivation layer 
insulating the plurality of conductive elements from each other is 
first provided. The plurality of conductive elements can be 
suitably formed of aluminum or copper, or of any other metal that 
has high electrical conductivity. A first metal layer is then 
deposited by evaporation or sputter deposition on top of the 
plurality of conductive elements and the passivation layer to form 
electrical communication with the conductive elements. A plurality 
of bumps are then formed of an insulating material each on top of 
one of the plurality of conductive elements . The plurality of 
bumps can be advantageously formed by a stencil printing method of 
a polymeric-based material, or a solvent-containing polymeric 
paste. The plurality of bumps is then heat treated in an annealing 
process at a temperature of at least 100°C, and preferably at a 
temperature of at least 150°C. 
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A second metal layer is then sputter deposited on top of 
the plurality of bumps formed of the polymeric material and the 
first metal layer. The first and the second metal layer are then 
patterned in a photolithographic process followed by an etching 
process to remove the metal layers in areas in-between the 
plurality of bumps, thus leaving only electrically conductive bumps 
on top of the conductive elements. 

The present invention is further directed to a 
semiconductor wafer that has a plurality of electrically conductive 
bumps formed on an active surface which includes a semiconductor 
wafer that has an active surface on top, a plurality of conductive 
elements formed on the active surface spaced-apart by at least 100 
Aim, a passivation layer insulating the plurality of conductive 
elements from each other, a plurality of a first electrically 
conductive pads each on one of the plurality of conductive 
elements, a plurality of electrically insulative bump each on one 
of the plurality of a first electrically conductive pads, and a 
plurality of a second electrically conductive pads each on top of 
one of the plurality of electrically insulative bump in electrical 
communication with a corresponding one of the plurality of a first 
electrically conductive pads and the plurality of conductive 
elements . 
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Referring now to Fig. 2A, wherein an enlarged, cross- 
sectional view of a present invention semiconductor substrate 40 is 
shown. The semiconductor substrate 40 has, on its active surface 
42, a plurality of conductive elements 44 formed which are 
5 insulated by a passivation layer 46. The passivation layer 46 may 
be first blanket deposited and then openings are formed over the 
conductive elements 44 to expose the conductive elements by a 
standard photolithographic method. The conductive elements 44 may 
be input/output pads formed on the active surface 42 of the 
IQn semiconductor substrate 40. The conductive elements 44 may be 
h| further formed of either aluminum or copper, or of any other metal 
tin of high electrical conductivity. The passivation layer 46 may be 
;^ formed of an insulating material such as a spin-on-glass or of any 
L other suitable dielectric material. 

lfN A first electrically conductive material layer 50 such as 

□ a metal layer formed of Al, Ni, Ti, W, Cu, Cr or alloys thereof is 
then deposited on top of the semiconductor substrate 40 overlying 
the plurality of conductive elements 44, thus establishing 
electrical communication therewith overlying the passivation layer 

20 46. The first metallic material layer 50 may be suitably deposited 
by a technique such as sputter deposition or evaporation. This is 
shown in Fig. 2B. 
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The present invention novel semiconductor substrate 4 0 is 
then stencil printed a plurality of insulating bumps 60 each on top 
of a corresponding conductive element 44 for stress-buffing and for 
use as a base for metal conductive pad formation. It should be 
5 noted that the plurality of electrically insulating bumps 60 can be 
printed of a polymeric-based material, or of a solvent-containing 
polymeric paste by a low cost printing method. The disadvantage of 
the printing method is that the pitch distance between the bumps 60 
is limited to a minimum of about 100 jum. This is compared to a 
lGy smaller pitch distance of about 10 jjm achievable by the thin film 
Ly method of photolithography. The present invention thick film 
ifl printing technique is therefore suitable in forming bumps that have 
m large spacing between them. The polymeric-based bumps 60 serve the 
i~\ stress-buffing function for the electrically conductive layer 
1$5 formed thereon. 

^ A suitable polymeric material used is polyimide, such as 

polyimide produced by OCG Microelectronic Materials, Inc. of Tempe, 
Arizona under the trade name of Probimide™. Several grades of 
Probimide™ are suitable for use in the present invention stencil 
20 printing process, for instance, grade 7010 and grade 514. The 
viscosity of the polyimide paste can be suitably controlled by its 
solvent content such that the stencil printing process can be 
easily carried out. The present invention semiconductor substrate 
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40 that has a plurality of insulating bumps 60 formed on top is 
shown in Fig. 2C. Suitable dimensions of the polymeric bumps are 
between about 50 /urn and about 100 jum in width (or in diameter) and 
a thickness of at least 20 jum. The first metal layer 50 may be 
suitably sputter deposited,, or evaporated, onto the semiconductor 
substrate to a thickness of not larger than 20 jum, and preferably 
not larger than 10 //m. 

The polymeric bumps 60 are frequently heat treated to 
stabilize its dimensions and to relive stresses during formation. 
A suitable heat treating process can be conducted at a temperature 
higher than 100°C, and more preferably higher than 150°C for a time 
period of at least 10 minutes, and more preferably for a time 
period of at least 30 minutes. The heat treating, or annealing, 
process on the polymeric bumps 60 should be conducted before the 
deposition of the second metal layer. 

On top of the plurality of polymeric bumps 60 is then 
deposited a second metal layer 62 which overlies the plurality of 
polymeric bumps 60 and the first metal layer 50. The second metal 
layer 62 establishes electrical communication with the first metal 
layer 50, as shown in Fig. 2D. The deposition process for the 
second metal layer 62 can be advantageously carried out by a 
sputtering technique, or by an evaporation technique. Generally, 
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the sputtering technique is more preferred since it can be carried 
out at a faster speed. The second metal layer 62 can be formed of 
an electrically conductive metal such as aluminum or nickel. The 
second metal layer 62 functions as the contact layer with 
5 conductive elements on a second substrate such as a printed circuit 
board (not shown) . 

In the final step of the process, as shown in Fig. 2E, a 
standard photolithographic method and an etching step are used to 
J;J pattern the second metal layer 62 and to etch away the second metal 
lQxl layer 62 and the first metal layer 50 in areas between the 
m polymeric bumps 60. Individual electrically conductive pad 64 
formed by the dual-layers of the second metal layer 62 and the 
first metal layer 50 is thus formed for each conductive element 44. 
S It should be noted that the present invention novel stress- 
15N buffered, compliant, and electrically conductive bump 70 is thus 
3 formed by the electrically conductive pad 64 and the polymeric bump 
60 on top of each conductive element 44 formed on the surface of 
the semiconductor substrate 40. Since the polymeric material 
utilized for the bump 60 are of a low Young's modulus nature, the 
20 electrically conductive, compliant bump 70 provides greatly 
improved stress-buffing characteristics during subsequent bonding 
operation with a printed circuit board, or with any other 
electronic component. 



21 



64, 600-065 
890075 

The present invention novel method for forming 
electrically conductive bumps on a semiconductor substrate can 
therefore be carried out by utilizing a single photolithographic 
process for defining the electrically conductive bumps, and by a 
5 single-stencil printing process for forming the electrically 
insulative polymeric-based bumps. When compared to a conventional 
process in which two photolithographic processes are required and 
the polymeric material layer is formed by spin coating, the present 
invention novel method presents several major processing 
IOq advantages. First, a smaller volume of the polymeric material, 
u\ which is normally of high cost, is needed per substrate or per 
iyj wafer. This is because stencil printing is used to form the 
■J! plurality of polymeric bumps which normally result in less than 1% 
;L loss of the polymeric material. Moreover, the printing process can 
l5i be conducted by utilizing a larger variety of paste materials when 
^1 compared to the limited number of materials that can be used in 
0 photolithographic method. The present invention thick film 
processing method is therefore superior when compared to the thin 
film process of the conventional method. The only limitation of 
20 the present invention method is that the minimum pitch can be 
formed between the electrically conductive bumps is about 100 /jia 
and thus the method is more suitable to semiconductor substrates 
that have large spacings between bumps. 
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The present invention method for forming electrically 
conductive bumps on a semiconductor substrate and devices formed by 
the method have therefore been amply described in the above 
descriptions and in the appended drawings of Figs. 2A-2E. 

While the present invention has been described in an 
illustrative manner, it should be understood that the terminology 
used is intended to be in a nature of words of description rather 
than of limitation. 

Furthermore, while the present invention has been 
described in terms of a preferred and alternate embodiment, it is 
to be appreciated that those skilled in the art will readily apply 
these teachings to other possible variations of the inventions. 

The embodiment of the invention in which an exclusive 
property or privilege is claimed are defined as follows. 
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CLAIMS 

1. A method for forming electrically conductive bumps on 
a wafer comprising the steps of: 

providing a wafer having an active surface, a plurality 
of conductive elements formed on the active surface, and a 
passivation layer insulating said plurality of conductive elements 
from each other, 

sputter depositing a first metal layer on top of said 
plurality of conductive elements and said passivation layer, 

printing a plurality of bumps of an insulating material 
each on top of one of said plurality of conductive elements, 

heat treating said plurality of bumps at a temperature of 
at least 100°C, 

sputter depositing a second metal layer on top of said 
plurality of bumps and said first metal layer, and 

patterning and removing said first and said second metal 
layer in areas in-between said plurality of bumps. 

2. A method for forming electrically conductive bumps on 
a wafer according to claim 1 further comprising the step of forming 
said plurality of conductive elements spaced-apart by at least 100 
/urn. 
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3. A method for forming electrically conductive bumps on 
a wafer according to claim 1 further comprising the step of forming 
said plurality of conductive elements in aluminum or copper. 

4 . A method for forming electrically conductive bumps on 
a wafer according to claim 1 further comprising the step of forming 
said passivation layer in an insulating material . 

5. A method for forming electrically conductive bumps on 
a wafer according to claim 1 further comprising the step of sputter 
depositing said first metal layer in a material selected from the 
group consisting of Al, Ni, Ti, W, Cu, Cr and alloys thereof. 

6. A method for forming electrically conductive bumps on 
a wafer according to claim 1 further comprising the step of sputter 
depositing said first metal layer to a thickness not higher than 50 
jura. 
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7. A method for forming electrically conductive bumps on 
a wafer according to claim 1 further comprising the step of 
printing said plurality of bumps by a stencil printing technique. 

8 , A method for forming electrically conductive bumps on 
5 a wafer according to claim 1 further comprising the step of 

printing said plurality of bumps by a stencil printing technique in 
a polymeric material. 

^ 9. A method for forming electrically conductive bumps on 

m a wafer according to claim 1 further comprising the step of 

l0- 3 printing said plurality of bumps by a stencil printing technique in 
^ polyimide. 

10. A method for forming electrically conductive bumps 

on a wafer according to claim 1 further comprising the step of 

printing said plurality of bumps by a stencil printing technique to 
15 a width of at least 50 fim. 
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11. A method for forming electrically conductive bumps 
on a wafer according to claim 1 further comprising the step of 
printing said plurality of bumps by a stencil printing technique to 
a thickness of at least 20 jura. 

12. A method for forming electrically conductive bumps 
on a wafer according to claim 1 further comprising the step of 
printing said plurality of bumps by a stencil printing technique in 
a polymeric-based paste. 

13. A method for forming electrically conductive bumps 
on a wafer according to claim 1 further comprising the step of 
printing said plurality of bumps by a stencil printing technique in 
a solvent-containing polymeric paste. 

14. A method for forming electrically conductive bumps 
on a wafer according to claim 1 further comprising the step of 
depositing said second metal layer in a material selected from the 
group consisting of Al, Ni, Ti, W f Pt, Pd, Cu f Cr, Ag, Au, In, Sn, 
Pb and alloys thereof. 
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15. A method for forming electrically conductive bumps 
on a wafer according to claim 1 further comprising the step of 
patterning said first and said second metal layer by a 
photolithographic method. 

16. A method for forming electrically conductive bumps 
on a wafer according to claim 1 further comprising the step of 
removing said first and said second metal layers by a 
photolithographic and a wet etch method. 

17. A semiconductor wafer having a plurality of 
electrically conductive bumps formed on an active surface 
comprising : 

a semiconductor wafer having an active surface on top, 

a plurality of conductive elements formed on said active 
surface spaced-apart by at least 50 ixm, 

a passivation layer insulating said plurality of 
conductive elements from each other, 

a plurality of electrically conductive pads each on one 
of said plurality of conductive elements, 

a plurality of electrically insulative bump each on one 
of said plurality of a first electrically conductive pads, and 
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a plurality of a second electrically conductive pads each 
on top of one of said plurality of electrically insulative bumps in 
electrical communication with a corresponding one of said plurality 
of a first electrically conductive pads and one of said plurality 
5 of conductive elements. 



18. A semiconductor wafer having a plurality of 
electrically conductive bumps formed on an active surface according 
iip to claim 17, wherein said plurality of a first electrically 
y conductive pad and said plurality of a second electrically 
conductive pad are formed of the same electrically conductive 
jii metal. 

'"--i 19. A semiconductor wafer having a plurality of 

Q electrically conductive bumps formed on an active surface according 

to claim 17, wherein said plurality of a first electrically 
15 conductive pad and said plurality of a second electrically 

conductive pad are formed of a material selected from the group 

consisting of Al, Ni, Ti, W, Pt, Pd, Cu, Cr, Ag, Au, In, Sn, Pb or 

alloys thereof. 



29 



64,600-065 
890075 

20. A semiconductor wafer having a plurality of 
electrically conductive bumps formed on an active surface according 
to claim 17, wherein said plurality of electrically insulative 
bumps is formed of a polymeric material. 

21. A semiconductor wafer having a plurality of 
electrically conductive bumps formed on an active surface according 
to claim 17, wherein said plurality of electrically insulative 
bumps is formed of polyimide. 

22. A semiconductor wafer having a plurality of 
electrically conductive bumps formed on an active surface according 
to claim 17, wherein said plurality of electrically insulative 
bumps is formed of a solvent-containing polymeric paste. 

23. A semiconductor wafer having a plurality of 
electrically conductive bumps formed on an active surface according 
to claim 17, wherein said plurality of electrically insulative 
bumps is formed to a width between about 50 jum and about 100 jum. 
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24 . A semiconductor wafer having a plurality of 
electrically conductive bumps formed on an active surface according 
to claim 17, wherein said plurality of electrically insulative 
bumps is formed to a thickness of at least 20 /urn. 
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Abstract of the Disclosure 

A method for forming electrically conductive bumps on a 
semiconductor substrate, or a semiconductor wafer and devices 
formed by the method are disclosed. In the method, a wafer that 
5 has an active surface, a plurality of conductive elements formed on 
the active surface and a passivation layer insulating the plurality 
of conductive bumps from each other is first provided. A first 
metal layer is then sputter deposited on top of the plurality of 
conductive elements and the passivation layer, followed by stencil 
10 printing a plurality of bumps of an insulating material on top of 
*0 each one of the plurality of conductive elements. The plurality of 
W bumps may be heat treated to a temperature of at least 100°C for a 
yl period of at least 10 minutes for stress relief. A second metal 
01 layer is then sputter deposited on top of the plurality of bumps 
Ifl and the first metal layer. The first and the second metal layers 
n are then patterned by a photolithographic process and formed by a 
: 2 wet or dry etching process to remove metal layers in areas in- 
w between the plurality of bumps. 
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DECLARATION FOR PATENT APPLICATION 

As a below-named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, 
first and joint inventor (if plural names are listed below) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled "METHOD FOR FORMING 
ELECTRICALLY CONDUCTIVE BUMPS AND DEVICES FORMED" the specification of which 



X is attached hereto. 

was filed on as 

Application Serial No. 

And was amended on 

(If applicable) 

I hereby state that I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendments referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this 
application in accordance with Title 37, Code of Federal Regulations, §1.56, a copy of which is 
attached. 

I hereby claim foreign priority benefits under Title 35, United States Code, §1 19 of any foreign 
application(s) for patent or inventor's certificate listed below and have also identified below any 
foreign application(s) for patent on inventor's certificate having a filing date before that of the 
application on which priority is claimed: 



Prior Foreign Annlication(s) Priority Claimed 



Number 


Country 


Day/Month/Year 


(Yes) 


(No) 


Number 


Country 


Day/Month/Year 


(Yes) 


(No) 


Number 


Country 


Day/Month/Year 


(Yes) 


(No) 
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I hereby claim the benefit under Title 35, United States Code, §120 of any United States 
applications) listed below and, insofar as the subject matter of each of the claims of this application 
is not disclosed in the prior United States application in the manner provided by the first paragraph 
of Title 35, §1 12, 1 acknowledge the duty to disclose material information as defined in Title 37, 
Code of Federal Regulations, § 1 .56(a) which occurred between the filing date of the prior application 
and the national or PCT international filing date of this application: 



Application Ser. No. Filing Date Status 

Application Ser. No. Filing Date Status 

I further declare that I do not know and do not believe that the invention claimed in this application 
was ever known or used by others in this country before my invention thereof, or patented or 
described in any printed publication in any country before my invention thereof, or more than one 
year prior to this application or any prior U.S. application above identified in which said invention 
may have been disclosed, or in public use or on sale in the United States of America for more than 
one year prior to this application or any prior U.S. application above identified in which said 
invention may have been disclosed. 



POWER OF ATTORNEY 

And I hereby appoint as my attorneys with full power of substitution to prosecute this application 
and to transact all business in the United States Patent and Trademark Office connected therewith 
to the firm of TUNG & ASSOCIATES, including the following individual attorneys associated 
with the firm: 

Individual Attorney Reg. No. 

Randy W.Tung 31,311 



Please send all correspondence concerning this application to the following address: 

TUNG & ASSOCIATES 

838 W. Long Lake Road 
Suite 120 
Bloomfield Hills, Michigan 48302 
Phone: (248)540-4040 
Fax: (248) 540-4035 



2 



64,600-065 
890075 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application and of any patent issued 
thereon. 



Full name of first joint inventor 

Inventor's Signature 
Date 

Residence 

Citizenship 

Post Office Address 



SHYH-MING 



CHANG 



First Middle Last 



Republic of China 



Full name of second joint inventor 

Inventor's Signature 
Date 

Residence 

Citizenship 

Post Office Address 



TAI-HONG 



CHEN 



First 



Middle 



Last 



1 1/y /Wi? 



Re public of China 
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Full name of third joint inventor 

Inventor's Signature 
Date 

Residence 

Citizenship 

Post Office Address 



YU-TE 



HSIEH 



First Middle Last 



181* Pa peng Rcj % Tgo Yu an ; iaman ^BO^R-Oc^ 
Republic of China „ 

— $ — (F 



Full name of fourth joint inventor 



CHUN-MING 



HUANG 



Inventor's Signature 
Date 

Residence 

Citizenship 

Post Office Address 



First 




Middle 



Last 





Ji/L 



Republic of China 
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Full name of fifth joint inventor 

Inventor's Signature 
Date 

Residence 

Citizenship 

Post Office Address 



JUI MING 



NI 



First 



Middle 



Last 



b/ob I 



Republic of China 



Full name of sixth joint inventor CHING-YUN CHANG 

First Middle Last 

Inventor's Signature CM^ - SM^. 



Date 



Residence { -° , > " Gimp IMj^ \ *i<kwj , Trim* , £<JC, 
Citizenship Republic of China . 



Post Office Address 



( 0 t Lw , jin4-(%*JS f V^e* \ric&*W , & P ^ 
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Full name of seventh j oint inventor JWO-HUEI JOU. 

First Middle Last 



Inventor's Signature 





Date TV** ^ , <^>™ 

Residence lstfh^ J tf IS S, *J , Se4.1^k^ - £ w ^ 

Citizenship Republic of China _ % 

Post Office Address ^fl °f Mfije^als , NOXa TsJnj-Hu * U. 
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§1.56 Duty to disclose information material to patentability 

(a) A patent by its very nature is affected with a public interest. The public interest is best 
served, and the most effective patent examination occurs when, at the time an application is being 
examined, the Office is aware of and evaluates the teachings of all information material to 
patentability. Each individual associated with the filing and prosecution of a patent application has 
a duty of candor and good faith in dealing with the Office, which includes a duty to disclose to the 
Office all information known to that individual to be material to patentability as defined in this 
section. The duty to disclose information exists with respect to each pending claim until the claim 
is canceled or withdrawn from consideration, or the application becomes abandoned. Information 
material to the patentability of a claim that is canceled or withdrawn from consideration need not be 
submitted if the information is not material to the patentability of any claim remaining under 
consideration in the application. There is no duty to submit information which is not material to the 
patentability of any existing claim. The duty to disclose all information known to be material to 
patentability is deemed to be satisfied if all information known to be material to patentability of any 
claim issued in a patent was cited by the Office or submitted to the Office in the manner prescribed 
by §§ 1 .97(b)-(d) and 1 .98. However, no patent will be granted on an application in connection with 
which fraud on the Office was practiced or attempted or the duty of disclosure was violated through 
bad faith or intentional misconduct. The Office encourages applicants to carefully examine: 

(1) prior art cited in search reports of a foreign patent office in a counterpart application; and 

(2) the closest information over which individuals associated with the filing or prosecution 
of a patent application believe any pending claim patentably defines, to make sure that any material 
information contained therein is disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative to 
information already of record or being made of record in the application, and 

(1) It establishes, by itself or in combination with other information, a prima facie case of 
unpatentability of a claim; or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the information compels a conclusion that 
a claim is unpatentable under the preponderance of evidence, burden-of-proof standard, giving each 
term in the claim its broadest reasonable construction consistent with the specification, and before any 
consideration is given to evidence which may be submitted in an attempt to establish a contrary 
conclusion of patentability. 

(c) Individuals associated with the filing or prosecution of a patent application within the 
meaning of this section are: 

(1) Each inventor named in the application; 

(2) Each attorney or agent who prepares or prosecutes the application; and 

(3) Every other person who is substantively involved in the preparation or prosecution of the 
application and who is associated with the inventor, with the assignee or with anyone to whom there 
is an obligation to assign the application. 

(d) Individuals other than the attorney, agent or inventor may comply with this section by 
disclosing information to the attorney, agent or inventor. 

(35 U.S.C. 6, Pub. L. 97-247) 

[42 FR 5593. Jan. 28, 1977, as amended at 47 FR 21751, May 19, 1982; 48 FR 2710, Jan. 20, 1983; 
49 FR 554, Jan. 4, 1984; 50 FR 5171, Feb. 6, 1985; 53 FR 47808, Nov. 28, 1988, effective Jan. 1, 
1989; 57 FR 2034, January 17, 1992, effective March 6, 1992] 
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